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(57) ABSTRACT 

A turbine component inspection apparatus includes a ?rst 
pressure vessel to store and maintain a ?rst ?uid at a ?rst 
temperature and pressure, a second pressure vessel to store 
and maintain a second ?uid at a second temperature and 
pressure. The ?rst and second pressure vessels are coupled 
to a ?rst ?uid delivery line and a second ?uid delivery line. 
First and second pneumatically actuated valves facilitate 
alternating delivery of the ?uid from the ?rst and second 
pressure vessels. Included in the system is a turbine com 
ponent inspection ?uid delivery line to deliver the alternat 
ing ?uids to a turbine component, a number of sensors to 
detect changes in temperature and pressure of the ?rst and 
second ?uids, and a programmable logic control (PLC) to 
storing and maintaining of the ?rst and second temperatures 
and pressures. As a result, a precise delivery of high tem 
perature gases to a turbine component is facilitated, inde 
pendent of inspection cycles. 
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TURBINE COMPONENT INSPECTION SYSTEM 

RELATED APPLICATION 

[0001] This patent application claims bene?t of priority to 
provisional patent application No. 60/339,725, titled “AN 
IMPROVED TURBINE COMPONENT INSPECTION 
SYSTEM”, ?led Nov. 01, 2001. 

FIELD OF THE INVENTION 

[0002] The invention relates to the ?eld of infrared (IR) 
inspection of turbine components, such as turbine blades, 
turbine vanes, and other turbine items of the like having 
passages and/or cooling channels for liquid or gas ?oWs. 
More speci?cally, the invention relates to precision delivery 
of high temperature gas or thermal stimuli to the gas turbine 
components independent of inspection cycles. 

BACKGROUND OF THE INVENTION 

[0003] Failure of a turbine component can be costly, and 
may even be catastrophic. Accordingly, manufacturing a 
turbine component involves precision casting and machin 
ing processes, as each of these processes may introduce 
variables that affect the quality of the turbine component, 
and in turn, its performance. 

[0004] During the casting process, variables such as core 
misalignment, inclusions, and the like, can introduce casting 
defects into the turbine component. Often times, these 
casting defects in turn may affect the machining process, 
resulting in machining defects, as Well. As alluded to earlier, 
an example of a turbine component may be a thin or ?at 
object that may be referred to as vanes or blades utiliZed to 
cause ?uid ?oW or direct ?uid. 

[0005] For example, a turbine blade may include features 
such as cooling channels and holes. Cooling channels are 
internal features of the blade through Which coolants (eg in 
the form of gases) may ?oW. Because of the internal nature 
of the cooling channels, cooling channels are, often times, 
formed during the casting process utiliZing casting cores. 
Defects, such as core misalignments may result in incor 
rectly formed or blocked cooling channels. 

[0006] The cooling holes alloW the coolant ?oWing 
through the blade to be exhausted out of the blade. The 
dimension of the cooling holes may be in the range of 10ths 
of millimeters. Because of the small dimension of the 
cooling holes, often times, the cooling holes are machined 
into the blade after the casting process. In order to control 
the precision of machining the cooling holes, an automated 
process may be utiliZed for the physical drilling of the holes, 
such as computeriZed numerically controlled (CNC) 
machine. 

[0007] Drilling the cooling holes by CNC machine 
involves the CNC machine determining the exact position of 
the cooling holes in three-dimensional space accounting for 
dimensional tolerances. If casting defects, such as core 
misalignments, affect the dimensions of the blade to the 
extent that the dimensional tolerances are exceeded, the 
cooling holes may not be drilled properly. 

[0008] Recently, inspection methods involving thermal 
signatures of materials, in particular, infrared (IR) detection 
imaging, are being utiliZed to inspect and detect defects in 
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the manufacturing of turbine components. For example, a 
blade inspection method utiliZing IR imaging involves 
applying a thermal differential to the blade. Often times, 
applying a thermal differential involves delivering a thermal 
stimulus, such as a gas, at a high temperature to the blade, 
and then, immediately folloWing the high temperature ther 
mal stimulus, delivering another thermal stimulus, such as 
the gas, at a cold temperature (i.e., cold, relative to the high 
temperature thermal stimulus) to the blade. 

[0009] To ensure the high precision turbine blades are 
inspected properly, the inspection itself, including eg the 
application of the thermal differential stimuli, has to be 
performed With great precision, With the inspection system 
properly calibrated. Accordingly, a thermal inspection sys 
tem With a thermal stimuli delivery arrangement having 
improved precision independent of inspection cycles is 
desired. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The invention is illustrated by Way of example and 
not by Way of limitation in the ?gures of the accompanying 
draWings, in Which the like references indicate similar 
elements and in Which: 

[0011] FIG. 1 illustrates an exemplary object for inspec 
tion upon Which one embodiment of the present invention 
may be practiced; 

[0012] FIG. 2 illustrates an IR inspection system that 
facilitates delivery of gases With a high thermal differential 
at precisely controlled temperatures, independent of the 
inspection cycle, in accordance With one embodiment of the 
present invention; and 

[0013] FIG. 3 illustrates a pressure vessel With its internal 
components, in accordance With one embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0014] In the folloWing description, various aspects of the 
invention Will be described. HoWever, it Will be apparent to 
those skilled in the art that the invention may be practiced 
With only some or all described aspects. For purposes of 
explanation, speci?c numbers, materials and con?gurations 
are set forth in order to provide a thorough understanding of 
the invention. HoWever, it Will also be apparent to one 
skilled in the art that the invention may be practiced Without 
the speci?c details. In other instances, Well-knoWn features 
are omitted or simpli?ed in order not to obscure the inven 
tion. 

[0015] Various operations Will be described as multiple 
discrete steps in turn, in a manner that is most helpful in 
understanding the invention. HoWever, the order of descrip 
tion should not be construed as to imply that these operations 
are necessarily order dependent. In particular, these opera 
tions need not be performed in the order of presentation. 

[0016] For the purposes of describing the present inven 
tion, ?oWing materials Will be described as gases; hoWever, 
it should be appreciated that the ?oWing materials may be 
any type of ?oWing materials, such as, but not limited to 
?uids. As Will be evident in the disclosure to folloW, various 
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?owing materials, such as, but not limited to, liquid gases 
may also be utilized Within the spirit and scope of the present 
invention. 

[0017] In various embodiments of the present invention, 
an infrared (IR) inspection system that facilitates delivery of 
gases With a high thermal differential at precisely controlled 
temperatures, independent of the inspection cycle, is dis 
closed. This and other advantages Will be evident from the 
disclosure. 

[0018] FIG. 1 illustrates an exemplary object for inspec 
tion upon Which one embodiment of the present invention 
may be practiced. ShoWn in FIG. 1, the exemplary object is 
a turbine component, in particular, a gas turbine blade 100. 
The blade 100 includes a base 102 having an inlet 104 to 
receive an inspection medium, such as, but not limited to 
gas. Also shoWn in FIG. 1, are cooling channels 106 Within 
the blade 100 through Which the gas ?oWs. The gas is 
exhausted from the blade 100 through cooling holes 108. As 
shoWn in FIG. 1, the cooling holes 108 may be on different 
surfaces 110 & 112 of the blade 100. Gases at different 
temperatures facilitate infrared (IR) detection and imaging 
of the various features, such as, but not limited to, internal 
cooling channels 106 and cooling holes 108, in accordance 
With one embodiment of the present invention. 

[0019] In FIG. 1, the turbine component illustrated is a 
turbine blade, but it should be appreciated by those skilled 
in the relevant art that teachings of the present invention may 
be practiced With any high precision turbine component 
having features, such as, but not limited to, passages, 
cooling holes or channels. HoWever, for ease of understand 
ing, the remainder description Will primarily be presented in 
the context of a turbine blade 100. 

[0020] FIG. 2 illustrates an IR inspection system that 
facilitates delivery of gases With a high thermal differential 
at precisely controlled temperatures, independent of the 
inspection cycle, in accordance With one embodiment of the 
present invention. In order to aid proper understanding of the 
operation of the present invention, the one embodiment of 
the present invention shoWn in FIG. 2 Will be ?rst described 
in terms of hoW various components of the system are 
connected. 

[0021] In FIG. 2, an IR inspection system 200 has a gas 
inlet 201 to receive gas at ambient temperature 202. For 
purposes of describing the present invention, the gas may be 
air, and the ambient temperature may be a theoretical room 

temperature, such as, but not limited to, 20° C. (68° HoWever, it should be appreciated by those skilled in the art 

that the gas may be any type of gases, such as, but not 
limited to, nitrogen. The theoretical room temperature may 
be derived When calibrating a thermometer to the Celsius 
scale, setting Zero at the freeZing point of pure Water and 
100° C. (212° for the boiling point. Additionally, the 
ambient gas 202 at the inlet 201 may be gas that has been 
dehumidi?ed, removing Water molecules, and ?ltered, 
removing contaminant particles, such as, oil, dust, and the 
like. 

[0022] The gas inlet 201 is part of a main gas line 203, and 
connected to the main gas line 203 is a regulator that 
receives the ambient gas 202. The regulator 204 maintains a 
gas pressure Within the inspection system 200 at a prede 
termined pressure, such as, but not limited to 689.5 kPa (100 
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psi) relative or gage pressure (psig). The pressure of 689.5 
kPa (100 psi) ensures that the gas Will How to the proper 
components When necessary. Thus, for the embodiment, the 
ambient gas 202 is at a pressure of 689.5 kPa (100 psi) just 
after the regulator 204. 

[0023] Connected to the main gas line 203 after the 
regulator is a pressure vessel gas line 205 that diverts part of 
the gas at ambient 202 to an ambient temperature pressure 
vessel 206. The ambient pressure vessel 206 holds a volume 
of gas to control various pneumatically controlled compo 
nents of the inspection system 200. In one embodiment, the 
volume of the ambient pressure vessel 206 may be 15-19 1 
(4-5 gal). 
[0024] BetWeen the ambient pressure vessel 206 and the 
pressure vessel gas line 205 is a manual shut-off valve 207 
to prevent gas from continuing to How into the ambient 
pressure vessel 206. Additionally, the ambient pressure 
vessel 206 includes a pressure release valve 208 and a 
humidity sensor 209. The pressure release valve 208 pre 
vents the pressure Within the ambient pressure vessel 206 
from reaching pressures beyond the safety criteria for the 
particular type of pressure vessel. The humidity sensor 209 
detects the amount of moisture in the air in the system 200. 
Furthermore, the humidity sensor 209 may be included in 
various locations of the IR detection system 200, but the 
operation of the humidity sensor 209 may be affected by 
high temperatures. 

[0025] Beyond the pressure vessel gas line 205, the main 
gas line 203 splits into tWo gas lines, one gas line being a hot 
gas (HG) charge line 210 and the other being a cold gas (CG) 
charge line 211. The HG charge line 210 delivers ambient 
gas 202 to a HG pressure vessel 212. The CG charge line 211 
delivers ambient gas 202 to a CG pressure vessel 213. 

[0026] Immediately folloWing the split, each of the HG 
charge line 210 and the CG charge line 211 is connected to 
a ?rst pneumatically actuated valve (PAV) 214 and a second 
PAV 215 respectively. The ?rst PAV 214 is used to control 
the How of ambient gas 202 into the HG pressure vessel 212. 
The second PAV 215 is used to control the How of ambient 
gas 202 into the CG pressure vessel 213. Also connected to 
each of the HG charge line 210 and the CG charge line 211, 
betWeen the ?rst PAV 214 and the HG pressure vessel 212 
and also betWeen the second PAV 215 and the CG pressure 
vessel 213, is a ?rst and second check valve (CV) 216 & 
217, respectively. The ?rst CV 216 prevents HG ?oWing 
back into the HG charge line 210 from the HG pressure 
vessel 212. The second CV 217 prevents CG ?oWing back 
into the CG charge line 211. 

[0027] ShoWn in FIG. 2, the HG charge line 210 is 
connected to a HG pressure vessel inlet 218 on a HG 

pressure vessel cover plate 219, and in turn, the HG pressure 
vessel inlet 218 is connected to a ?rst heat exchanger (shoWn 
as ref. 305 in FIG. 3) Within the HG pressure vessel 212. 
Also shoWn on the HG pressure vessel cover plate 219 is a 
?rst electric heater 220. The ?rst electric heater 220 is used 
to heat the ?rst heat exchanger 305 to heat the HG to a 
predetermined temperature, such as, but not limited to 400° 
C. (752° The ?rst electric heater 220 may be a cartridge 
heater. 

[0028] Also shoWn in FIG. 2, the CG charge line 211 is 
connected to a CG pressure vessel inlet 221 on a CG 
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pressure vessel cover plate 222, and in turn, the CG pressure 
vessel inlet 221 is connected to a second heat exchanger 
(shoWn as ref. 306 in FIG. 3) Within the CG pressure vessel 
213. The CG pressure vessel cover plate 222 has a second 
electric heater 223. The second electric heater 223 is used to 
heat the second heat exchanger 306 to heat the CG to a 
predetermined temperature, such as, but not limited to, 50° 
C. (122° The CG is heated to a temperature above the 
ambient to facilitate precise control of the temperature of the 
CG (i.e., ambient temperatures may vary, but the CG 
remains at the predetermined temperature controlled by the 
energy inputted to the gas). The temperature of the CG at 50° 
C. (122° is high enough to be above a majority of ambient 
temperatures for production and laboratory environments. 
HoWever, the thermal differential betWeen the HG at 400° C. 
(752° and the CG at 50° C. (122° as cold is high 
enough to designate the CG as cold. In one embodiment, the 
HG and CG pressure vessels may have a capacity of 95 l (25 
gal). 
[0029] Furthermore, the HG pressure vessel 212 and the 
CG pressure vessel 213 have identical components (i.e., they 
both have components that heat gas). UtiliZing identical 
components for providing both the HG and CG simpli?es 
the IR inspection system 200 because there is no need to 
include a gas cooler (not shoWn). Having identical compo 
nents for both the HG pressure vessel 212 and the CG 
pressure vessel 213 also facilitates interchangeability of 
components betWeen the tWo pressure vessels 212 & 213 
simplifying maintenance and testing of the system immedi 
ately after assembly. 
[0030] In FIG. 2, the HG pressure vessel cover plate 219 
has a HG pressure vessel outlet 224 that is connected to a 
HG delivery line 225. The HG delivery line 225 connects to 
an inspection gas delivery line 250. The CG pressure vessel 
cover plate 222 has a CG pressure vessel outlet 226 that is 
connected to a CG delivery line 227, and the CG delivery 
line 227 also connects to the inspection gas delivery line 
250. The inspection gas delivery line 250 is connected to a 
blade inspection apparatus 255, Which holds the gas turbine 
blade 100 for inspection. 

[0031] Connected to the HG delivery line 225, betWeen 
the HG pressure vessel outlet 224 and the inspection gas 
delivery line 250, is a third PAV 240 to control delivery of 
the HG from the HG pressure vessel 212. Connected to the 
CG delivery line 227, betWeen the CG pressure vessel outlet 
226 and the inspection gas delivery line 250, is a fourth PAV 
241 to control delivery of the CG from the CG pressure 
vessel 213. 

[0032] In order to control heat transfer during the How of 
gas through the HG delivery line 225 and the CG delivery 
line 227, a ?rst Wire heater 229 is Wrapped around the HG 
delivery line 225 and a second Wire heater 230 is Wrapped 
around the CG delivery line 227. The ?rst Wire heater 229 
helps maintain the HG ?oWing through the HG delivery line 
225 at 400° C. (7520 F.), and the second Wire heater 230 
helps maintain the CG ?oWing through the CG delivery line 
227 at 50° C. (122° 

[0033] ShoWn in FIG. 2, an IR camera 256 is positioned 
to detect the thermal signatures of the blades 100 under 
inspection. The IR camera data is transmitted to a central 
processing unit (CPU) 260 via a communication line 257, 
Where the received data from the IR camera 256 is analyZed 
for generation of IR images of the blade under inspection. 
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[0034] The CPU 260 may also be utiliZed to control a 
programmable logic controller (PLC) 261 via a second 
communication line 258 from the CPU 260 to the PLC 261. 
The PLC 261 has a number of control lines connected to 
various components of the inspection system 200. In one 
embodiment, the PLC may be programmed With fuZZy logic 
to control the various components of the inspection system 
200. 

[0035] A ?rst control line 270 connects the PLC 261 With 
the ?rst electric heater 220 on the HG pressure vessel cover 
plate 219 to control the temperature of the ?rst heat 
exchanger 305 (shoWn in FIG. 3) and maintain the proper 
gas temperature. Additionally, data from a temperature sen 
sor 301 Within the ?rst electric heater and tWo temperature 
sensors 302-303 (shoWn in FIG. 3), located Within the HG 
pressure vessel 212, is received by the PLC 261 to further 
facilitate control of the gas temperature Within the HG 
pressure vessel 212. 

[0036] A second control line 271 connects the PLC 261 
With the second electric heater 223 on the CG pressure 
vessel cover plate 222 to control the temperature of the 
second heat exchanger 306 (shoWn in FIG. 3) and maintain 
the proper gas temperature. Data from a temperature sensor 
331 Within the second electric heater 223 and tWo tempera 
ture sensors 304 & 333, located Within the CG pressure 
vessel 213, is received by the PLC 261 to facilitate control 
of the gas temperature Within the CG pressure vessel 213. 

[0037] As illustrated in FIG. 2, a third control line 272 and 
a fourth control line 273 each connect the PLC 261 to the 
?rst Wire heater 229 and the second Wire heater 230 respec 
tively. The third and fourth control lines 272 & 273 facilitate 
control of the Wire heaters 229 & 230 to maintain the 
temperatures of the HG and CG as they ?oW through the HG 
and CG delivery lines 225 & 227. 

[0038] A ?fth control line 274 connects the PLC 261 With 
a ?rst pressure sensor 233 on the HG pressure vessel 212, 
and a sixth control line 275 connects the PLC 261 With a 
second pressure sensor 234 on the CG pressure vessel 213. 
The ?fth and sixth control lines 274 & 275 receive data from 
?rst and second pressure sensors 233 & 234. 

[0039] A seventh control line 276 connects the PLC 261 
With a ?rst solenoid valve 235 on the HG pressure vessel 
212, and an eighth control line 277 connects the PLC 261 
With a second solenoid valve 236 on the CG pressure vessel 
213. The seventh and eighth control lines 276 & 277 open 
and close the ?rst and second solenoid valves 235 & 236 to 
relieve pressure Within each of the pressure vessels 212 & 
213. 

[0040] Aninth control line 278 connects the PLC 261 With 
the humidity sensor 209 to receive data regarding the 
humidity in the gas. The data regarding the humidity in the 
gas may be used to control a dehumidi?er (not shoWn) 
before the gas enters the gas inlet 201. Additionally, the data 
may be stored to facilitate calculations of energy delivered 
to the gas turbine blade 100 (shoWn in FIG. 1) because small 
variations in humidity may affect the retention of thermal 
energy by the gas turbine blade 100 and transfer of thermal 
energy from the CG and the HG. 

[0041] Atenth control line 279 connects the PLC 261 With 
the ambient temperature pressure vessel 206 to control the 
opening and closing of the PAVs 214-215 & 240-241. In 
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order to facilitate the opening and closing of the PAVs 
214-215 & 240-241, a number of pneumatic control lines 
connect the ambient temperature pressure vessel 206 With 
the number of PAVs 214-215 & 240-241. 

[0042] A ?rst pneumatic control line 280 connects the 
ambient temperature pressure vessel 206 With the ?rst PAV 
214. A second pneumatic control line 281 connects the 
ambient temperature pressure vessel 206 With the second 
PAV 215. A third pneumatic control line 282 connects the 
ambient temperature pressure vessel 206 With the third PAV 
240. Finally, a fourth pneumatic control line 283 line con 
nects the ambient temperature pressure vessel 206 With the 
fourth PAV 241. 

[0043] As a result, the combination of the various com 
ponents shoWn in FIG. 2 facilitates delivery of gases With a 
high thermal differential at precisely controlled tempera 
tures, independent of the inspection cycle, in accordance 
With one embodiment of the present invention. 

[0044] Before an inspection cycle, initial settings are pro 
vided to the inspection system 200. The initial settings 
include charging the HG pressure vessel 212 With gas until 
the temperature of the gas reaches 400° C. (752° and the 
pressure reaches 552 kPa (80 psi) Within the HG pressure 
vessel 212. The CG pressure vessel 213 is also charged With 
gas at a temperature of 50° C. (122° and also a pressure 
of 552 kPa (80 psi). The electric heaters 220 & 223 are 
heated to their appropriate temperatures to ensure that the 
heat exchangers 305 & 306 (shoWn in FIG. 3) provide the 
gas into their respective pressure vessels 212 & 213 at the 
predetermined temperatures. Additionally, the Wire heaters 
229 & 230 are provided enough energy to heat the delivery 
lines 225 & 227 at the predetermined temperatures (i.e., HG 
delivery line 225 at 400° C. (752° and the CG delivery 
line 227 at 50° C. (122° Additionally, all of the PAVs 
214-215 & 240-241 are closed. Once the initial settings are 
provided, a gas turbine blade 100 may be inspected using the 
inspection system 200, in accordance With one embodiment 
of the present invention. 

[0045] During an inspection cycle, the third PAV 240 is 
opened alloWing HG at 400° C. (752° to How from the 
HG pressure vessel 212 to the inspection gas delivery line 
250. The HG ?oWs into the inlet 104 of the base 102 of the 
blade 100 and ?oWs through the cooling channels 106 to be 
eXhausted out of the cooling holes 108. The quantity of the 
HG delivered to the blade 100 is predetermined and based at 
least upon the particular type of blade. 

[0046] Because of the high temperature of the HG, com 
mon ?oW meters may be damaged, and therefore, the 
quantity of HG delivered to the blade is determined by 
applying the principles of the Ideal Gas LaW. When the ?rst 
pressure sensor 233 transmits data to the PLC 261 corre 
sponding to a pressure Within the HG pressure vessel 212 at 
552 kPa (80 psi), the PLC 261 receives this data and closes 
the third PAV 240 and the second PAV 215. Using the Ideal 
Gas LaW, the drop in pressure Within the HG pressure vessel 
212 corresponds to a predetermined quantity of gas deliv 
ered to the blade 100. 

[0047] Once the predetermined quantity of HG is deliv 
ered to the blade 100, the pressure drops to 345 kPa (50 psi), 
and the third PAV 240 is closed, the fourth PAV 241 is 
opened to deliver CG at 50° C. (122° to the blade 100. 
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Here again, once the pressure Within the CG pressure vessel 
213 drops to 345 kPa (50 psi) from its initial setting of 552 
kPa (80 psi) indicating the predetermined quantity of CG has 
been delivered, the PLC 261 receives this data from the 
second pressure sensor 234 and closes the fourth PAV 241. 
Even though the CG is at a temperature Where common ?oW 
meters may be utiliZed, the principles of the Ideal Gas LaW 
is applied to determine the quantity of gas delivered elimi 
nating the need for added complexity and providing sym 
metry to the inspection system 200. 

[0048] In one embodiment, When the third PAV 240 is 
closed after delivery of HG, the PLC 261 opens the ?rst PAV 
214 alloWing ambient gas 202 to How through the HG 
charge line 210. The ambient gas 202 ?oWs through the ?rst 
CV 216 and the HG pressure vessel inlet 218 on a HG 
pressure vessel cover plate 219 to re?ll the HG pressure 
vessel 212. As Will be described further beloW, the ambient 
gas 202 ?oWs through the ?rst heat eXchanger 305 (shoWn 
in FIG. 3) and re?lls the HG pressure vessel 212 at the 
predetermined temperature of 400° C. (752° Once the 
pressure Within the HG pressure vessel 212 increases back 
up to 552 kPa (80 psi), the PLC 261 closes the ?rst PAV 214. 
The rate at Which the HG pressure vessel 212 is ?lled may 
be predetermined based at least upon time required for 
change-out of the blade 100, such as, but not limited to, 0.1 
kg of gas per in 60 seconds. 

[0049] Additionally, once the fourth PAV 241 is closed 
after delivering the predetermined quantity of CG, the PLC 
261 opens the second PAV 215 alloWing ambient gas 202 to 
?ow through the CG charge line 211. As described in 
connection With re?lling the HG pressure vessel 212, the 
ambient gas 202 ?oWing through the CG charge line 211 
re?lls the CG pressure vessel 213 until the pressure Within 
the CG pressure vessel 213 is elevated back to the initial 
setting of 552 kPa (80 psi). The rate at Which the CG 
pressure vessel 213 is ?lled may be identical to the HG 
pressure vessel 212 ?ll rate. HoWever, the CG is at the loWer 
temperature of 50° C. (122° 

[0050] In a preferred embodiment, at no time are any tWo 
of the PAVs 214-215 & 240-241 opened at the same time; 
hoWever, it should be appreciated that alternating PAVs 
214-215 & 240-241 are opened and closed in a rapid manner 
to provide constant initial settings for subsequent inspec 
tions. 

[0051] As a result, the infrared (IR) inspection system 200 
facilitates delivery of gases With a high thermal differential 
at precisely controlled temperatures. 

[0052] Here again, the symmetry of the inspection system 
200 is illustrated in that identical components may be 
utiliZed for both of the pressure vessels 212 & 213 for gases 
at tWo different temperatures. 

[0053] During a prolonged inspection cycle Where the 
inspection system 200 is not used, the inspection system 200 
facilitates delivery of gases With a high thermal differential 
at precisely controlled temperatures, independent of the 
inspection cycle, in accordance With one embodiment of the 
present invention. If the inspection system 200 is not used 
for a period, the principles of heat transfer Would change the 
temperatures of the gases. HoWever, the present invention 
takes into account the heat transfer principles to ensure that 
the temperatures of the gases are maintained and ready for 
use at all times. 
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[0054] FIG. 3 illustrates a pressure vessel With its internal 
components, in accordance With one embodiment of the 
present invention. ShoWn in FIG. 3 is a pressure vessel that 
is representative of both the HG pressure vessel 212 and the 
CG pressure vessel 213. As previously described, except for 
the tWo different temperatures, 400° C. (752° and 50° C. 
(122° F.), the components of both of the pressures vessels 
212 & 213 are identical. Accordingly, in order to describe 
the invention, references Will be made to one illustration of 
a pressure vessel. Furthermore, because of the symmetry of 
the inspection system 200, in particular, the pressure vessels 
212 & 213, the internal components of the pressure vessel 
shoWn in FIG. 3 apply to both of the pressure vessels 212 
& 213. 

[0055] ShoWn in FIG. 3, incorporated in the electric 
heater 220 & 223 is a ?rst temperature sensor 301 & 331 to 
measure the temperature of the electric heater 220 & 223 and 
transmit this data to the PLC 261. The electric heater 220 & 
223 is used to heat the heat exchanger 305 & 306. As shoWn 
in FIG. 3, the heat exchanger 305 receives the ambient gas 
202 at an inlet 310 located at one end of the heat exchanger 
305 and discharges gas at the predetermined temperatures at 
an outlet 311 located at the opposite end of the inlet 310. As 
the ambient gas 202 ?oWs through the heat exchanger 305 
& 306, the ambient gas 202 is heated to the predetermined 

temperatures of 400° C. (752° and 50° C. (122° respectively depending upon the appropriate pressure vessel 

(i.e., HG or CG pressure vessels 212 & 213). In order to 
precisely control the gas temperatures, a second temperature 
sensor 302 & 304 measures temperature of the heat 
exchanger 305 & 306 and a third temperature sensor 303 & 
333 measures the temperature of the gas at the outlet 311 & 
312. The data from the temperature sensors 301 & 331, 302 
& 304, and 303 & 333 may be transmitted to the PLC 261 
via the control lines 270 & 271 connecting the PLC 261 to 
the ?rst and second electric heaters 220 & 223. 

[0056] If gas is alloWed to loose its predetermined tem 
perature (i.e., an inspection is not performed for a prolonged 
period of time), the third temperature sensor 311 measures 
the reduction in temperature and transmits the data to the 
PLC 261. The PLC 261 opens the solenoid valve 235 & 236 
to release pressure Within the pressure vessel 212 & 213. 
Once the pressure drops to 345 kPa (50 psi), as measured by 
the pressure sensor 233 & 234 on the pressure vessel 212 & 
213, the PLC 261 proceeds to re?ll the pressure vessel 212 
& 213 as described above. Accordingly, gas enters pressure 
vessels 212 & 213 through heat exchangers 305 & 306 at 
predetermined temperatures, thereby precisely controlling 
the temperatures of gas Within pressure vessels 212 & 213. 

[0057] Additionally, because pressures temperatures of 
the system 200 may be very high and vary, each of the 
pressure vessels 212 & 213 are ?tted With a rupture disk 290 
& 291. The rupture disk may be any type of rupture disk to 
prevent catastrophic failure of the pressure vessels 212 & 
213, such as, but not limited to, graphite rupture disks. 

[0058] In one embodiment, heat exchanger 305 & 306 is 
the improved heat exchanger disclosed in co-pending US. 
patent application Ser. No. , titled “HEAT 
EXCHAN GER TO FACILITATE ACCURATE TEMPERA 
TURE CONTROL”, contemporaneously ?led and having at 
least partial common inventorship With the present applica 
tion. The application is hereby fully incorporated by refer 
ence. 
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[0059] While the present invention has been described 
With regard to inspection of gas turbine blades 100 (shoWn 
in FIG. 1), it should be appreciated by those skilled in the 
art that present invention may be practiced to detect defects 
in any type of internal and/or external features utiliZing IR 
detection methods. Different embodiments and adaptations 
besides those shoWn and described herein, as Well as many 
variations, modi?cations and equivalent arrangements Will 
noW be apparent or Will be reasonably suggested by the 
foregoing speci?cation and draWings, Without departing 
from the substance or spirit and scope of the invention. 
While the present invention has been described herein in 
detail in addition to its preferred embodiment, it is to be 
understood that this disclosure is only illustrative and exem 
plary of the present invention and is made merely for 
purposes of providing a full an enabling disclosure of the 
invention. 

[0060] Thus, an infrared (IR) inspection system that facili 
tates delivery of gases With a high thermal differential at 
precisely controlled temperatures, independent of the 
inspection cycle, has been disclosed. 

What is claimed is: 
1. An apparatus comprising: 

a ?rst pressure vessel to store and maintain a ?rst ?uid at 
a ?rst temperature and pressure; 

a second pressure vessel to store and maintain a second 
?uid at a second temperature and pressure; 

a ?rst ?uid delivery line coupled to the ?rst pressure 
vessel; 

a second ?uid delivery line coupled to the second pressure 
vessel; 

a ?rst pneumatically actuated valve coupled to the ?rst 
?uid delivery line; 

a second pneumatically actuated valve coupled to the 
second ?uid delivery line, Wherein the ?rst and second 
pneumatically actuated valves facilitate alternating 
delivery of the ?uid from the ?rst and second pressure 
vessels; 

an inspection ?uid delivery line coupled to ?rst and 
second pneumatically actuated valves to deliver the 
alternating ?uid to a turbine component; 

a plurality of sensors coupled to the ?rst and second 
pressure vessels to detect changes in temperature and 
pressure of the ?rst and second ?uids; and 

a programmable logic control (PLC) connected to the 
plurality of sensors to facilitate the ?rst pressure vessel 
to store and maintain the ?rst ?uid at the ?rst tempera 
ture and pressure and the second pressure vessel to 
store and maintain the second ?uid at the second 
temperature and pressure. 

2. The apparatus of claim 1 further comprising an ambient 
temperature pressure vessel coupled to the ?rst and second 
pneumatically actuated valves to facilitate opening and 
closing of the ?rst and second pneumatically actuated 
valves. 

3. The apparatus of claim 1, Wherein the turbine compo 
nent is a selected one of a turbine blade and a turbine blade. 

4. The apparatus of claim 1, Wherein the ?rst pressure 
vessel includes a ?rst internal heat exchanger. 
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5. The apparatus of claim 1, wherein the second pressure 
vessel includes a second internal heat exchanger. 

6. The apparatus of claim 1, Wherein the ?rst temperature 
is 400° C. (752° 

7. The apparatus of claim 1, Wherein the second tempera 
ture is 50° C. (122° 

8. The apparatus of claim 1, Wherein the ?rst and second 
?uids is air. 

9. The apparatus of claim 1, Wherein the PLC comprises 
a PLC having fuZZy logic programming. 

10. The apparatus of claim 1, Wherein the ?rst and second 
pressure vessels include a ?rst and second rupture disk, 
respectively. 

11. The apparatus of claim 1, the PLC comprises a PLC 
utiliZing the Ideal Gas LaW to determine the ?rst and second 
temperature and pressure. 

12. The apparatus of claim 1 further comprising: 

a ?rst Wire heater Wrapped around the ?rst ?uid delivery 
line; and 

a second Wire heater Wrapped around the second ?uid 
delivery line, Wherein the ?rst and second Wire heaters 
facilitate maintaining the ?rst and second temperature 
and pressure of the ?rst and second ?uids delivered by 
the ?rst and second delivery lines. 

13. A turbine component inspection apparatus utiliZing 
?uids at different temperatures and pressures, comprising: 

a ?rst pressure vessel to store and maintain a ?rst ?uid at 
a ?rst temperature and pressure; 
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a second pressure vessel to store and maintain a second 
?uid at a second temperature and pressure; 

means for delivering the ?rst ?uid from the ?rst pressure 
vessel at the ?rst temperature and pressure and the 
second ?uid from the second pressure vessel at the 
second temperature and pressure to a turbine compo 

nent; 

means for detecting changes in temperature and pressure 
of the ?rst and second ?uids; and 

means for storing and maintaining in the ?rst pressure 
vessel, the ?rst ?uid at the ?rst temperature and pres 
sure and in the second pressure vessel, storing and 
maintaining the second ?uid at the second temperature 
and pressure. 

14. The gas turbine inspection system of claim 13, 
Wherein the means for delivering the ?rst and second ?uid 
comprises means for facilitating opening and closing of a 
?rst and second pneumatically actuated valves. 

15. The gas turbine inspection system of claim 13, 
Wherein the means for storing and maintaining comprises 
means for including a heat exchanger Within the ?rst and 
second pressure vessels. 

16. The gas turbine inspection system of claim 13, 
Wherein the means for detecting changes in temperature and 
pressure comprises means for utiliZing temperature and 
pressure sensors With the gas turbine inspection system. 

* * * * * 


